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Description 

METHOD AND APPARATUS FOR 
GENERATING HIGH FREQUENCY SIGNALS 
BY A PLURALITY OF LOW FREQUENCY 
SIGNALS WITH MULTIPLE PHASES 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The invention relates to, and more particularly, to a circuit 
and a method for generating a high frequency signal by 
realizing frequency multiplication on low frequency sig- 
nals, and more particularly to, a circuit and a method for 
generating a high frequency signal by realizing frequency 
multiplication on low frequency signals by a delay-locked 
loop or delay-locked loop. 

[0003] 2. Description of the Prior Art 

[0004] | n this modern society, all sorts of information, data, doc- 
uments, communications, and audio and video signals are 
encoded in electrical format to increase the speed and ef- 



ficiency for transmitting, processing, calculating, and 
storing. As a result, a variety of electrical circuits that are 
used to process these electrical signals have become a 
significant fundamental hardware in the development of 
the modern information industry. In any electrical cir- 
cuitry, electrical signals have to be synchronized to a 
pulse for processing, transmitting, storing, and reading of 
those electrical signals. Different building blocks of an 
electrical structure usually have their timing synchronized 
to a pulse so the operation of different pulses such as the 
generation of pulses, the synchronization of pulses, the 
difference and adjustment of the pulses, and the multipli- 
cation and division of the frequency of pulses during syn- 
chronization are all the foremost research areas in the in- 
formation technology industry. 
[0005] phase-locked loop and delay-locked loop are the most 

common type of building blocks used in circuits for oper- 
ating pulse. Please refer to FIG. 1, it is a block diagram 
showing the functionality of a conventional phase-locked 
loop 10. the phase-locked loop 10 comprises a phase and 
frequency detector 12, a charge pump 14, a low pass filter 
16, a voltage control oscillator 20, and two frequency di- 
viders 18A, 18B. The detector 12 having two input termi- 



nals detects the frequency and phase difference of the in- 
putted signals from the input terminals and sends out the 
results of the difference to the charge pump 14; the 
charge pump 14 is coupled to the low pass filter 16 for 
transforming the detection results of the detector 12 into 
corresponding voltage signals. The voltage control oscil- 
lator 20 receives the voltage signal output from the low 
pass filter 16 and generates a pair of pulses 24B whose 
frequency corresponds to the level of the voltage signal 
from the low pass filter 16. 1/Ka divider 18A divides the 
pulse 24A to become 26A so the frequency of the pulse 
26A (counting the periods backwards) is 1/Ka of the fre- 
quency of the pulse 24A. The pulse 26A is sent back to 
the input terminal of the detector 12. Similarly the 1/Kb 
divider 18B can divide the pulse 24B to become the pulse 
26B so the frequency of the pulse 26B is 1/Kb of that of 
the pulse 24B. The pulse 26B is sent back to the other in- 
put terminal of the detector 12. 
[0006] The phase-locked loop 10 uses pulse 24A as a standard 
to generate and synchronize pulse 24A which stabilizes 
the frequency multiplication of pulse 24B. The operation 
of the phase-locked loop 10 is described in the following. 
The detector 12 detects the frequency and phase differ- 



ence between the pulses 26A, 26B and transforms the dif- 
ference into a voltage signal with the charge pump 14 and 
the low pass filter 16. The frequency of the pulse 24B is 
correspondingly adjusted by the voltage control oscillator 
20. After the adjustment of the frequency of the pulse 24B 
the frequency of the pulse 26B is at the same time 
changed. The frequency and phase difference of the 
pulses 26B, 26A are again tested by the detector 12 and 
then sent through the charge pump 14 and low pass filter 
16 to the voltage control oscillator 20 to control the fre- 
quency of pulse 24B. The above process for adjusting the 
frequency of the pulse 24B by the voltage control oscilla- 
tor 20 according to the pulses 26A, 26B is repeated until 
the frequency and phase difference between the pulses 
26A, 26B are zero therefore both frequency and time are 
synchronized. The phase-locked loop 10 completes the 
locking and the voltage control oscillator 20 can steadily 
output pulse 26B which is exactly in synchronization in 
frequency and time with the pulse 26A. As a result the 
pulses 26A, 26B are locked together. The frequency of 
pulse 24B (counting periods backwards) is the (Kb/Ka) 
fraction of the pulse 24A because the pulses 26A, 26B are 
divided by 1/Ka, 1/Kb respectively therefore 



Fb=(Kb/Ka)Fa, wherein Fa, Fb are the frequencies of the 
pulses 24A, 24B. 
[0007] Apart from showing the conventional layout of the phase- 
locked loop 10, FIG. 1 also shows the conventional struc- 
ture of the voltage control oscillator 20. The voltage con- 
trol oscillator 20 can be made up of a plurality of differ- 
ential buffers 22 (the differential buffer in the furthest 
left), wherein an input terminal (labeled as +) and an out- 
put terminal (labeled -) are separately electrically con- 
nected to the junction of between NaO and Na5. The sec- 
ond differential buffer is electrically connected between 
Na5 and Nal and so forth. The last differential buffer (the 
furthest right differential buffer in FIG. 1) is electrically 
connected to the junction between Na4 and Na9. The 
junctions Na9, NalO are electrically connected together as 
well so the each differential buffer 22 is coupled to form a 
ring oscillator. The low pass filter 16 outputs a voltage 
signal to change the time delay of each differential buffer 
22 which also changes the period of the pulse 24B. To 
further explain this phenomenon, please refer to FIG. 2 
(and simultaneously refer to FIG. 1). FIG. 2 is a schematic 
diagram of the timing of the signal wave at different junc- 
tions of the voltage control oscillator 20. The horizontal 



axis represents time and the vertical axis represents the 
signal level. The waves CO, CI, C2, and the like till C9 
represent the waves at the junction NaO, Nal, Na2, and 
the like to Na9 during the operation of the voltage control 
oscillator 20 in FIG. 1. The time period Tdl in FIG. 2 rep- 
resents the delay time introduced by the differential buffer 
22. For example, the wave CO rises from a level low L to a 
level high H at time tpO then the wave C5 at the junction 
Na5 falls from the level high H to the level low L at time 
tpl after the furthest left differential buffer 22 introduces 
a time delay of Tdl. Similarly, after the wave C5 shifts 
from the level high H to the level low L at tpl, the follow- 
ing differential buffer is activated so at tp2 (by adding a 
time delay Tdl from tpl) the wave CI at the junction Nal 
rises from the level low L to the level high H. By using the 
same process, each differential buffer 22 will activate the 
following differential buffer 22 to reverse the output sig- 
nal after a time delay Tdl is applied. The furthest right 
differential buffer 22 in FIG. 1 shifts the wave C9 at the 
junction Na9 from the level high H to the level low L at 
tp3. The wave CO (actually is also the wave C9) will again 
shifts level and this process repeats itself throughout the 
differential buffers. The voltage control oscillator 20 



causes the waves CO to C9 at the junctions NaO to Na9 to 
swap and oscillate for outputting the pulse 24B (the waves 
CO, C9) at the junction Na9. 
[0008] please refer to FIG. 2, the waves CO to C9 at the junctions 
NaO to Na9 all have a period of TO which is the time delay 
Tdl multiplied by the number of differential buffers 22 
(there are nine differential buffers in FIG. 1, 2) and then 
further multiplied by 2. The low pass filter 16 outputs a 
voltage signal which can change the time delay Tdl intro- 
duced by each of the differential buffer 22 to control the 
frequency of the pulse 24B. From FIG. 2, the time delay 
introduced by the differential buffer 22 forms the phase 
difference between CI and C9 (CO) causing the phase dif- 
ference between the waves CI and C9 to be evenly dis- 
tributed within the 360 degrees that corresponds to the 
period TO. 

[0009] Apart from the phase-locked loop, the delay-locked loop 
is also a commonly found building block in the circuits for 
operating pulse. Please refer to FIG. 3 which is schematic 
diagram of a conventional delay-locked loop 30 accompa- 
nied by two pulses circuits 28A, 28B. The delay-locked 
loop 20 comprises a detector 32, a charge pump 34, a low 
pass filter 36, and a variable control delay line (VCDL) 40. 



The detector 32 has two input terminals for detecting the 
phase difference of the two inputted signals. The charge 
pump 34 and the low pass filter 36 transforms the detec- 
tion results from the detector 32 into voltage signals and 
transmits them to the delay-locked loop 40. The delay- 
locked loop 40 receives a pulse 46A and inserts a prede- 
fined time delay into the pulse 46A according to voltage 
signal from the low pass filter 36 and outputs a pulse 46B. 
[0010] The delay-locked loop 30 synchronizes the pulse 46A, 
46B without any phase difference. In modern electronic 
circuits (especially digital circuits), different circuit blocks 
usually require synchronized operation so a synchronized 
pulse with no phase difference (i.e. the rise and fall edge 
of signals have no time difference) is necessary for syn- 
chronized activation of different circuit blocks. In FIG. 3, 
the pulse circuits 28A, 28B are circuit blocks that are re- 
quired to be activated simultaneously (for example, the 
pulse circuits 28A, 28B further comprise a plurality of 
logic gates, flip-flops, state machines, and the like). In or- 
der to activate and drive the different circuit blocks, the 
pulse needs to have an appropriate level of driving power. 
However a delay is experienced when using buffers to in- 
crease the level of the pulse and therefore a time differ- 



ence (phase difference) exists in the original pulse. As a 
result the original pulse and the increased-power pulse 
cannot simultaneously trigger different circuit blocks. Un- 
der this circumstance, a delay-locked loop is required to 
generate two synchronized pulses with no phase differ- 
ence for simultaneously using two different signals to 
drive two different circuit blocks. In FIG. 2, the delay- 
locked loop 30 generates another synchronized pulse 46B 
with no phase difference which usespulses 46A, 46B to 
trigger the pulses circuits 28A, 28B needing synchroniza- 
tion. The operation of the delay-locked loop 30 is de- 
scribed in the following. The detector 32 detects the 
phase difference between the pulses 46A, 46B, and then 
charge pump 34 and the low pass filter 36 transform the 
phase difference into a voltage signal. After receiving the 
voltage signal, the delay-locked loop 40 will correspond- 
ingly adjust the phase difference of the pulse 46B. The 
detector 32 will again detect the phase difference between 
the pulse 46B and the pulse 46A and the delay-locked 
loop 40 will again adjust the pulse of the 46B according to 
the charge pump 34 and the low pass filter 36. The above 
process is repeated by adjusting the pulse 46B by the de- 
lay-locked loop 40 until there is no phase difference be- 



tween the pulses 46A, 46B. As this instant, the pulses 
46A, 46B are synchronized with no phase difference. 
1 ] As illustrated in FIG. 3, the conventional delay-locked loop 
40 comprises a plurality of buffers 42 (FIG. 3 is illustrated 
with nine buffers as an example) and each buffer is cou- 
pled to one another so a time delay can be applied to the 
input and output terminals according to the voltage signal 
outputted by the low pass filter 36. Taking the furthest 
left buffer 42 in FIG. 3 as an example, the input and out- 
put terminal are separately electrically connected between 
the junctions NbO and Nbl to insert a time delay into the 
signal at the junctions NbO, Nbl. Please refer back to FIG. 
2 (simultaneously refer to FIG. 3), the waves CO, CI, and 
the like to C9 can be signals from the delay-locked loop 
40 at the junctions NbO, Nbl, and the like to Nb9. In FIG. 
3, after the furthest left buffer 42 receives the pulse 46A 
of the wave CO at the junction NbO, a time delay Td2 is 
inserted to generate the wave CI at the junction Nbl. 
Similarly, another buffer will insert another time delay Td2 
to the signal at the junction Nbl to generate the wave C2 
at the junction Nb2. The process is repeated until the fur- 
thest left buffer 42 in FIG. 3 outputs the wave C9 at the 
junction Nb9 which is the pulse 46B. As illustrated in FIG. 



2, when the pulses 46A, 46B are synchronized and locked, 
the phase difference between the waves CO and C9 is ac- 
tually one period TO (or a period multiplied by an integer) 
of the wave CO. At this instant the rising and falling edge 
of the waves CO, C9 have no phase difference. The voltage 
control oscillator 20 in FIG. 1 unavoidably generates a 
predetermined phase difference in the waves CI to C9 
which is evenly distributed over the 360 degrees of the 
period TO when the delay-locked loop 40 locks and syn- 
chronizes 46A, 46B at the junction Nbl to Nb9. 
[0012] The phase-locked loop and delay-locked loop shown in 
FIG. 1 and FIG. 3 are common building blocks for operat- 
ing pulse but the conventional apparatus cannot suffi- 
ciently handle the wide application and contemporaneous 
requirement of the pulse requirement. Firstly in terms of 
the phase-locked loop as shown and described in FIG. 1, 
the phase-locked loop 10 generates a pulse 46B accord- 
ing to a pulse 24A and the relationship between them is 
defined by a multiplication factor: Fb=(Kb/Ka)Fa (which is 
the frequency of the pulses 24A, 24B). Theoretically 
speaking, adjusting the divide ratio 1/Ka or 1/Kb of the 
dividers 18A, 18B can generate the pulse 24B having dif- 
ferent frequencies according to the pulse 24A. However in 



real application, the divide ratio affects the stability of the 
phase-locked loop so randomly interfering the divide ratio 
of the dividers 18A, 18B will cause the phase-locked loop 
10 to become unstable. The divider 18B is especially af- 
fected because it is located in the feedback path of the 
phase-locked loop 10 which more easily affects the sta- 
bility of the phase-locked loop 10. Different electronic 
circuits and different operational needs require different- 
phase-locked loop having frequency multipliers (i.e. the 
above Kb/Ka). From the perspective of the IC designer, it 
is ideal that a design of a phase-locked loop being widely 
applicable to various electronic circuits by merely adjust- 
ing the divide ratio of the divider to create a phase-locked 
loop having different frequency multiplications. Appar- 
ently as mentioned, performing any random adjustment to 
the divide ratio of the dividers will cause instability of the 
phase-locked loop so the exact phase difference of two 
pulses cannot be obtained and the phase-locked loop 
fails. The conventional structure in FIG. 1 cannot be real- 
istically made into a phase-locked loop having difference 
frequency multiplications because all other components 
such as the charge pump 14, the low pass filter 16, and 
the voltage control oscillator 20, have to be correspond- 



ingly changed besides changing the divide ratio of the di- 
vider to prevent instability from happening. In other 
words, the fundamental structure of the conventional- 
phase-locked loop 10 lacks the flexibility and margin in 
design. In order to achieve a phase-locked loop with dif- 
ferent frequency multiplication in different electronic cir- 
cuits, other circuits in the phase-locked loop 10 along 
with the divide ratio and the divider have to be changed 
altogether. As a result, in order to adapt the conventional 
phase-locked loop, a lot of time and effort is required for 
redesigning, modeling, laying out, manufacturing, and the 
like which increase the time and cost in the manufacturing 
and design of electronic circuits. 
[0013] Furthermore the delay-locked loop 30 in FIG. 3 does not 
have any frequency multiplication feature which can only 
maintain the synchronization of the pulses 46A, 46B with- 
out phase difference and cannot generate a pulse having 
difference frequency multiplication according to the pulse 

46A. Therefore the pulse operation is limited. 
Summary of Invention 

[0014] it j S therefore a primary objective of the claimed invention 
to provide a circuit and a method for generating frequency 
multiplication of a pulse that is in synchronization to an- 



other pulse in a phase-locked loop or del ay- locked loop 
structure to solve the above-mentioned problem. The fre- 
quency multiplication circuit of the present invention in- 
creases flexibility and margin in the design of the phase- 
locked loop so the same phase-locked loop circuit design 
can be broadly applied to different frequency multiplica- 
tion ratio. The frequency multiplication circuit of the 
present invention can increase the pulse operability of the 
delay-locked loop circuit to broaden the application level 
of the delay-locked loop. 
[0015] Conventional phase-locked loops can generate a pulse 

according to another pulse and allow a specific frequency 
multiplication ratio but in order to actually generate fre- 
quency multiplication ratio changes to the divide ratio, the 
divider, and other related circuits must be made which re- 
stricts flexibility in circuit design. Furthermore conven- 
tional phase-locked loops can only lock a pulse to another 
pulse without phase difference which limits the operability 
of pulse. 

[0016] | n the present invention, thepulse after frequency multi- 
plication s generated according to a pulse by the multiple 
phase pulse from the phase-locked loop and the delay- 
locked loop to achieve a frequency multiplication effect. In 



the phase-locked loop and the delay-locked loop circuits, 
the voltage control oscillator and the voltage control delay 
line generate a plurality of pulses having the same fre- 
quency but different phases during operation. The present 
invention uses the phase difference of the pulses to out- 
put frequency multiplicationpulses. The present invention 
uses a plurality of pulses having the same frequency but 
different phases to generate a plurality of reference pulses 
having the same frequency but different phases. Within 
these reference pulses, if the number of pulses at level 
high signals is more than the number of pulses at level 
low signals a first level signal will be outputted. Oppo- 
sitely if the number of pulses at level high signals is less 
than the number of pulses at level low signals a second 
level signal will be outputted. In this manner, the fre- 
quency of the outputted pulsesis the frequency multipli- 
cation of the plurality of the pulses having the same fre- 
quency but different phases. 
[0017] According to the claimed invention, the frequency multi- 
plication circuit and method of the present invention allow 
the output of the phase-locked loop to perform frequency 
multiplication again. The effect of frequency multiplication 
is achieved without the need to change (or even to per- 



form minor correction to) the divider and the divide ratio 
of the phase-locked loop which significantly increases the 
flexibility and margin in the design of the phase-locked 
loop circuit. A single phase-locked loop design can suffi- 
ciently accommodate different frequency multiplication 
ratios so to reduce the cost in redesigning, manufactur- 
ing, and raw material costing of the circuit. Furthermore 
the present invention is applicable to delay-locked loop 
which provides the frequency multiplication functionality 
on delay-locked loop which broaden the application in 
other circuits. 

[0018] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0019] FIG.l is a block diagram of a conventionalphase-locked 

loopaccording to prior art. 
[0020] FIG. 2 is a schematic diagram showing the pulse at each 

junction during operation of the voltage oscillator in FIG. 

1. 

[0021] FIG. 3 is a block diagram of a conventionaldelay phase- 



locked loop according to prior art. 

[0022] FIG. 4 is a block diagram of the frequency multiplication 
circuit and the phase-locked loop according to one em- 
bodiment of the present invention. 

[0023] FIG. 5 is a block diagram of the frequency multiplication 
circuit in FIG. 4 according to one embodiment of the 
present invention. 

[0024] FIG. 6 is a circuit diagram of the drive circuit in FIG. 5 ac- 
cording to one embodiment of the present invention. 

[0025] FIG. 7 is a graph showing the wave pulse of the signals 
during the operation of the circuit according to FIG. 4 of 
the present invention. 

[0026] FIG. 8 is a block diagram of the frequency multiplication 
circuit and a delay phase-locked loop according to an- 
other embodiment of the present invention. 

[0027] FIG. 9 is a block diagram of the frequency multiplication- 
circuit in FIG. 8 of the present invention. 

[0028] FIG. 10 is a schematic diagram showing the circuit layout 
of the rive circuit in FIG. 9. 

[0029] FIG. 11 is a graph showing the wave pulse of the signals 
during the operation of the circuit according to FIG. 8 of 
the present invention. 

[0030] FIG. 12 is a graph showing the wave pulse of the signals 



during the operation of the circuit with different input 
signals performing frequency multiplication according to 
the present invention. 
[0031] FIG. 13 is a block diagram of the frequency multiplication 
circuit according to another embodiment of the present 
invention. 

[0032] FIG. 14 is a schematic diagram showing the circuit layout 

of drive circuit in FIG. 13. 
Detailed Description 

[0033] please refer to FIG. 4 which is a schematic diagram of a 
frequency multiplication circuit 70 of a signal circuit 48 
and a phase-locked loop 50 under operation together. 
Similar to the phase-locked loop 10 in FIG. 1, the phase- 
locked loop 50 comprises a detector 52 that detects the 
frequency and phase difference of the pulses 66A, 66B 
and transforms the detection results into voltage signals 
for a charge pump 54 and a low pass filter 56. The voltage 
control oscillator 60 according to the frequency and phase 
of the pulse 64B and the 1/La and 1/Lb dividers 58A, 58B 
divides the frequency of the pulses 64A, 64B into pulses 
66A, 66B according to the voltage signal. The operation of 
the phase-locked loop 50 is identical to the phase-locked 
loop 10 in FIG. 1. After the phase-locked loop 50 finishes 



phase locking, the pulses 66A, 66B are synchronized 
without phase difference and generate the pulse 64B hav- 
ing the frequency multiplication Fb=(Lb/La)Fa according 
to the frequency multiplication Fa of the pulse 64A. The 
frequency multiplication 70 uses the voltage control oscil- 
lator 60 to generate an output signal 68B having a fre- 
quency which is an integer multiplier of that of the pulse 
64B at each junction. The frequency multiplication circuit 
70 of the present invention causes the frequency Fc of the 
output signal 68B to be equal to the frequency Fb of the 
pulse 64B multiplied by an integer multiplier Lc, i.e. 
Fc=Lc*Fb. The phase-locked loop 50 introduces the fre- 
quency multiplication ratio Lb/La so therefore the rela- 
tionship between the output signal 68B and the pulse 64A 
is defined by Fc=Lc(Lb/La)*Fa. In other words, the fre- 
quency multiplication circuit 70 of the present invention 
allows the signal circuit 48 to generate the output signal 
68B having a frequency multiplication factor of Lc*Lb/La 
according to the pulse 64A. 
[0034] Th e embodiment in FIG. 4 is similar to the embodiment in 
FIG. 1. The voltage control oscillator 60 is constructed 
from coupling nine differential buffers 62 in series. The 
voltage control oscillator 60 takes the signal at every 



junction as the input signal for the frequency multiplica- 
tion circuit 70 to generate a frequency multiplication out- 
put signal 68B. In the embodiment in FIG. 4, the frequency 
multiplication 70 uses the voltage control oscillator 60 to 
receive the input signals PI, P4, and P7 at the junctions 
Ncl, Nc4, and Nc7 and generates the output signal 68B 
(i.e. Lc=3) that is three times the frequency of the pulse 
64B. In order to better describe the frequency multiplica- 
tion circuit 70 in this embodiment of the present inven- 
tion, please refer to FIG. 5 and 6 (and simultaneously to 
FIG. 4). FIG. 5 is a schematic diagram of the function 
blocks of the frequency multiplication circuit 70. The fre- 
quency multiplication circuit 70 comprises a drive module 
80 and an inverter 74, wherein the drive module 80 com- 
prises a plurality of drive circuits 76A to 76C. The struc- 
ture of all the drive circuits 76A to 76C is identical so only 
the drive circuit 76A is used as an example in FIG. 6 to il- 
lustrate one embodiment of the schematic circuit of the 
drive circuit. 

[0035] | n FIG. 5, the drive module 80 of the frequency multiplica- 
tion circuit 70 comprises three drive circuits 76A to 76C 
in order to provide a three times frequency multiplication 
function, wherein each drive circuit comprises two input 



terminals inl, in2, a control terminal C, and an output 
terminal Op. The output terminal Op of the drive circuits is 
electrically connected to the junction Nel that becomes 
the output terminal of the drive module 80 and provides 
the inverter 74 with an output signal 68A. Finally, the out- 
put of the inverter 74 becomes the output signal 68B of 
the frequency multiplication circuit 70. As shown in FIG. 5, 
there are three same frequency but different phase signals 
PI, P4, and P7 which are combined to generate the three 
times frequency multiplication function of the frequency 
multiplication circuit 70. The drive circuits 76A to 76C of 
the drive module 80 separately input the signals PI, P4, 
P7 into the control terminal C and the input terminals inl, 
in2. For drive circuit 76A, the signals P4, P7 are inputted 
into the two terminals inl, in2 respectively. Under the 
control and trigger of the signals PI, P4, P7, the drive cir- 
cuits 76A, 76B, 76C will independently charge the output 
terminal Op which are represented by the reference sig- 
nals 72A, 72B, 72C form the output terminal Op. 
[0036] Following FIG. 6 shows the circuit layout of the drive cir- 
cuit 76A as an explanation of the other drive circuits. In 
order to match the control terminal C of the drive circuits 
in FIG. 5, the drive circuit 76A comprises a p-type metal- 



oxide semi-conductor 84C, a n-type metal-oxide semi- 
conductor 82C, two gates electrically connected to the 
control terminal C, and two drains electrically connected 
to the output terminal Op. The drive circuit 76A comprises 
p-type metal-oxide semi-conductors 84A, 84B and n- 
type metal-oxide semi-conductors82A, 82B to pair with 
the two input terminals inl, in2. The gate of the semi- 
conductors 82A, 84A is electrically connected to the input 
terminal inl and the source of the two semi-conductors 
are respectively latched to the DC G and the DC V at the 
ground. The input terminal in2 is electrically connected to 
gate of the semi-conductors 82B, 84B and the source of 
the two semi-conductors is respectively latched to the DC 
G and the DC V at the ground. 
[0037] please refer to FIG. 7 (simultaneously with FIG. 4, 5, and 6) 
for the description of the operation of the frequency mul- 
tiplication circuit 70. FIG. 7 is a schematic diagram of the 
wave pulses of the signals of the voltage control oscillator 
60 and the frequency multiplication circuit 70 during op- 
eration. In FIG. 7, the signals P0, PI, P2, to P9 are the sig- 
nals (the signal P9 is the same as the signal P0 which is 
the pulse 64B, please refer to FIG. 4) of the voltage control 
oscillator 60 in FIG. 4 at the junctions NcO, Ncl, Nc2, to 



Nc9. As shown in FIG. 1 and 2 and the descriptions, the 
voltage control oscillator 60 comprises nine differential 
buffers 62 and the signals PI to P9 all have the same pe- 
riod Tl but are separated by a phase difference within 
360 degrees. The signals PI and P2 have a 40-degree 
(360/9) phase difference. From the above deduction, the 
signals P0 to P9 oscillate between the signal level high 
and the signal level low that can be seen as the prelimi- 
nary signals generated by the voltage control oscillator 
60. In the embodiment in FIG. 4, three signals PI, P4, and 
P7 are selected from the signals PI to P9 to be the input 
signals for the frequency multiplication circuit 70 to ac- 
complish the three times frequency multiplication. Please 
take note that the phase difference the signals PI, P4, and 
P7 is approximately within 360 degrees, the phase differ- 
ence between the signal PI, P4, is 120 degrees and the 
difference between the signals, P4, P7 is also 120 de- 
grees. 

[0038] As illustrated in FIG. 5, each of the control terminal C to 
the three drive circuits 76A to 76C in the drive module 80 
individually receives either the signals PI, P4, or P7 as the 
control signals and the input terminals inl, in2 receive the 
rest of the two signals as trigger signals. Each drive circuit 



76A to 76C determines the discharging or charging of the 
output terminal Op, which is respectively represented by 
the 72A, 72B, and 72C. For example, in FIG. 7, the refer- 
ence signal 72A of the wave imposition 73A represents 
(the signal PI labeled in front of (C) meaning the signal PI 
is a control signal of the control terminal C) discharging 
or charging of the output terminal Op when the signal PI 
is used as a control signal and the signal P4, P7 are used 
as trigger signals. Please refer to FIG. 7 to FIG. 6 and the 
time markers tl to t4, the signal PI of the control terminal 
C of the drive circuit remains at the level high (like the 
level of the DC V). The semi-conductors 82B is conductive 
while the semi-conductor 84C remains off so the voltage 
of the output terminal Op depends on the open or close 
state of the semi-conductors 82A, 82B. In the meanwhile, 
the signal P7 first remains at level high H at the times tl 
and t2 so the semi-conductor 82B is conductive allowing 
the output terminal Op of the drive circuit 76A to dis- 
charge to the DC G of the ground. In FIG. 7, the reference 
signal 72A is at level low L at times tl to t2 so the drive 
circuit 76A will pull down the voltage of the output termi- 
nal Op. Between time t2 and t3, the signals P4, P7 remain 
at level low L and the voltage of the output terminal Op 



does not change and the reference signal 72A remains at 
level low L. Then between time t3 and t4, the level high L 
of the signal P4 allows the semi-conductor 82A to be 
conductive. In FIG. 7, the reference signal 72A remains at 
level low L so the drive circuit 76A keeps the voltage of 
the output terminal 0 to the DC G of the ground. 
[0039] Oppositely between t4 and t7, the signal PI being a con- 
trol signal becomes level low H so the semi-conductors 
84C, 82C switch off. At this time, the voltage of the out- 
put terminal Op is controlled by the semi-conductors 84A, 
84B. Between t4 and t5, the level low L of the signal P7 
renders the semi-conductor 84B conductive. The refer- 
ence signal 72A remains at level high H so the drive cir- 
cuit 76A pulls the voltage of the output terminal Op to the 
DC V level. Between time t5 and t6, the signals P4, P7 at 
level high H switch off the semi-conductor 84A, 84B and 
the voltage of the output terminal Op remains unchanged. 
Finally between time t6 and t7, the signal P4 at level low L 
renders the semi-conductor 84A conductive and the ref- 
erence signal 72A remains at level high H so the drive cir- 
cuit 76A charges the voltage of the output terminal Op to 
the DC V. 

[0040] Similarly the wave imposition 73A indicates that the signal 



P4 at the control terminal C controls the drive circuit 76C. 
The reference signal 72C is at level high H at times tl, t3, 
t6 to t7 and the drive circuit 76C charges the voltage of 
the output terminal Op to the level high of the DC V. The 
reference signal 72C is at level low at times t3 to t6 which 
represents that the drive circuit 76B discharges the volt- 
age of the output terminal Op to level low of the DC G of 
the ground. From the wave imposition 73B that corre- 
sponds to the drive circuit 76B, the drive circuit 76B 
charges the voltage of the output terminal Op to the level 
high of the DC V at times t2 to t5 (the reference signal 
72C indicates a level high), and then discharges the volt- 
age of the output terminal Op to the level low of the DC G 
at times tl to t2, and t5 to t7 (the reference signal 72B in- 
dicates a level low). From each reference signal 72A to 
72C, the phase difference of the signals PI, P4, and P7 
causes the drive circuits 73A to 73C to trigger the charge 
and discharge operations at different moments within the 
same time period. 
[0041] The output terminal Op of all the drive circuits 76A to 76C 
is electrically connected to the junction Nel (please refer 
to FIG. 5) so the charging and discharging of the output 
terminal Op of each drive circuit 76A to 76C determines 



the voltage of the junction Nel. As FIG. 7 illustrates, by 
looking at all the reference signals 72A to 72C, it is deter- 
mined that two drive circuits (drive circuit 76A, 76B) dis- 
charge the voltage of the junction Nel to the level low of 
the DC G and only one drive circuit (drive circuit 76C) 
charges the voltage of the junction Nel to the high level 
of the DC V. Within this time period, the signal 68A sent 
to the inverter 74 approaches the level low and trigger the 
inverter 74 to output a signal 68B having level high 
(please refer to FIG. 5 at the same time). Oppositely, be- 
tween times t2 to t3, the drive circuits 76B, 76C charge 
the voltage of the junction Nel to level high of the DC but 
the drive circuit 76A discharges the voltage of the junc- 
tion Nel but the voltage of the junction Nel still rises to 
the level high of the DC V and triggers the inverter 74 to 
output a signal 68B having level low L. 
[0042] By the same theory, during the period Tl between tl to 
t7, the two drive circuits charge the voltage of the junc- 
tion Nel to level high of the DC V at times t4, t5, t6, and 
t7 so the inverter 74 outputs a level low L signal 68B. 
Then at times t3, t4, t5, and t6, the two drive circuits dis- 
charge the voltage of the junction Nel to the DC G so the 
inverter 74 outputs a pulled-up level high H signal 68B. 



From the waves of the output signals 68A, 68B in FIG. 7, 
the period T2 of the output signals 68A, 68B is 1/3 of the 
period Tl. In other words, the signals PO to P9 at different 
junctions in the voltage control oscillator 60 and the 
charging and discharging of the drive circuits 76A to 76C 
according to the reference signals 72A to 72C are all vari- 
ations of the fundamental period Tl. The present inven- 
tion combines the phase difference of all the signals after 
each drive circuit 76A to 76C completes charging and dis- 
charging to achieve the output signal 68B having three 
time multiplication of the period Tl by the frequency mul- 
tiplication circuit 70. 
[0043] As shown in FIG. 4 and previously described, the fre- 
quency multiplication circuit 70 of the present invention 
can additionally accept a multiplication ratio Lc to compli- 
ment the original frequency of the phase-locked loop 50 
so the frequency of the output signal 68B is Lc*(Lb/La) 
times the frequency of the pulse 64A. FIG. 4 to FIG. 7 
shows the embodiments of the present invention where 
the frequency multiplication circuit 70 additionally under- 
take a three times multiplication ratio (Lc=3). Conse- 
quently the frequency multiplication 70 of the present in- 
vention can undertake an additionalfrequency multiplica- 



tion ratio when various electronic circuits requiring pulse 
operation circuits having different frequency multiplica- 
tion are implemented. The phase-locked loop and the di- 
vider of the present invention do not have to be altered 
and the pulse operation having different frequencies is 
achieved. In the prior art, the change in the divide fre- 
quency of the divider of the phase-locked loop to accom- 
plish different frequency ratio results in instability in the 
operation of the divider circuit. In contrast the present in- 
vention can achieve difference frequency ratios in elec- 
tronic circuits by introducing a multiplication ratio without 
the need to alter the divide ratio of the dividers. The fre- 
quency multiplication circuit of the present invention does 
not reside inside the closed loop of the phase-locked loop 
and therefore will not significantly affect the stability of 
the phase-locked loop. As a result the same phase-locked 
loop can be realistically generate different frequency ra- 
tios without the burden of redesigning the other circuits 
of the phase-locked loop from changing the divide ratio 
of the divider. Although under some special circumstances 
there might still be a possibility that an adjustment of the 
divide ratio of the divider is required to realisticallyachieve 
the frequency multiplication ratio but the magnitude of 



the change in the divide ratio of the divider is much 
smaller in the present invention. The present invention 
can maintain a desirable stability of the operation of the 
phase-locked loop without redesigning the other circuits 
of the phase-locked loop. In other words, the frequency 
multiplication circuit of the present invention increases 
the flexibility and the margin on the design of phase- 
locked loop. 

[0044] Besides the application on phase-locked loop, the present 
invention is also applicable to delay-locked loop providing 
frequency multiplication results. Please refer to FIG. 8 
which shows a schematic block diagram of operation of 
the frequency multiplication circuit 110 and the delay- 
locked loop 90 in a communication circuit 88. The delay- 
locked loop 90 in FIG. 8, resembling the conventional de- 
lay-locked loop in FIG. 3, comprises a detector 92 for de- 
tecting the phase difference of the pulses 104A, 104B and 
the detector 92 transforms the detection results into volt- 
age and sends to the charge pump 94, the low pass filter 
96, and the variable control delay line when the pulse 
104B is adjusted according to the voltage. After the delay- 
locked loop 90 completes the phase lock, the frequency 
and step of the pulses 104A, 104B are in synchronization 



with any phase difference (or effective difference where it 
is an exact multiplication of the 360 degrees). In the em- 
bodiment of FIG. 8, the variable control delay line 100 
comprises 25 buffers 102, wherein each buffer has inputs 
and output sequentially coupled at the junctions NO to 
N25. Each buffer can adjust the timing of the pulse 104B 
according to the time difference between the input and 
the output signal upon receive of the voltage signal from 
the low pass filter 96. The present invention can realisti- 
cally achieve the five times frequency multiplication by the 
frequency multiplication circuit 110 by summing the sig- 
nals of the 25 buffers 102. In other words, the output sig- 
nal 310B generated by the frequency multiplication 110 is 
five times that of the signal 104A, 104B. 
[0045] As illustrated in FIG. 8 and the corresponding embodi- 
ment, the frequency multiplication circuit 110 achieves 
frequency multiplication by the variable control delay line 
100 from the five signals Wl, W6, Wll, W16, and W21 at 
the junctions Nl, N6, Nil, N16, and N21 respectively. 
Please continue to refer to FIG. 9 and 10, FIG. 9 is a 
schematic block diagram of the frequency multiplication 
circuit 110. The frequency multiplication circuit 110 com- 
prises a drive module 120 and an inverter 114. The drive 



module 120 further comprises five drive circuits 116A to 
116E to match the input signals Wl, W21, W16, Wll, and 
W6. The drive circuits 116A to 116E further comprise four 
input terminals inl to in4, a control terminal, and an out- 
put terminal Op. The structure and design of the following 
drive circuits 116A to 116E are the same so only the drive 
circuit 116 is being used as an example and is illustrated 
in FIG. 10. 

[0046] please refer to FIG. 9, the control terminal C of the drive 
circuits 116A to 116E receives the signals Wl, W21, W16, 
Wll, W6 as the control signal and the input terminals inl 
to in4 receive other 4 signals as the trigger signal. The 
output terminal of the drive circuits 116A to 116E is all 
coupled to the junction Ne2. According to the trigger sig- 
nal and the control signal, the reference signals 201, 211, 
216, 221, 206 at the output terminal Op of the drive cir- 
cuits 116A to 116E indicate the discharging or charging at 
the junction Ne2. The output signal 301A is a combination 
of all the discharging or charging of the drive circuits 
116A to 116E at the junction Ne2 that triggers the inverter 
114 to generate an output signal 301B. As FIG. 10 illus- 
trates, the drive circuits 116Ato 116B comprise five p- 
type semi-conductors 124A to 124E and five n-type 



semi-conductors 122A to 122E, wherein the gate of each 
semi-conductor 122A to 122E and 124A to 124E is con- 
trolled by the inputs from the input terminals inl to in4 
and the control terminal C. The drain of the semi- 
conductors 122E to 124E forms the output terminal Op of 
the drive circuits. 
[0047] please refer to FIG. 11 (simultaneously refer to FIG. 8 to 
10) which represents the theory in achieving five times 
frequency multiplication by the frequency multiplication 
circuit 110. FIG. 11 is a schematic diagram of the wave 
pulse of each related signal during the operation of the 
frequency multiplication circuit 110. The horizontal axis 
of the graph is time and the vertical axis represents the 
magnitude of the signal. The signals W0 to W25 are sig- 
nals controlled by the variable control delay line 100 at 
the junctions NO to N25. After the delay-locked loop 90 
completes locking, the signal W25 at the junction N25 
(that is the pulse 104B) is automatically synchronized with 
the signal NO at the junction NO (that is the pulse 104A) 
with the same timing and frequency (having a period T3) 
and no phase difference. The signals Wl to W25 can be 
used as the preliminary signals, and in the embodiment 
shown in FIG. 8 the signals Wl, W6, Wll, W16, W21 hav- 



ing a phase difference evenly distributed within 360 de- 
grees are chosen from the preliminary signals to achieve 
the frequency multiplication of the frequency multiplica- 
tion circuit 110. From FIG. 10, the operation theory of the 
drive circuit 116A is identical to that of the drive circuit 
76A in FIG. 6. For example, in the drive circuit 116A as il- 
lustrated in FIG. 11, the signal Wl being a control signal is 
at high level H between time tal and ta6 causing the 
semi-conductor 122E to be electrically connected and the 
semi-conductor 124E to be closed. Within the same pe- 
riod, the signals W6, Wll, W16, W21 being the trigger 
signals inputted to the input terminals in2, in3, in4, inl 
become level high H to create electrical connection for the 
semi-conductors 122A to 122D from time ta3 to ta6, ta5 
to ta6, tal to ta2, tal to ta4 respectively. Between time 
tal to ta6, the drive circuit 116A discharge the voltage of 
the junction N2 to level low L of the DC G. Between time 
tal to ta6, the reference signal 201 of the output terminal 
Op of the drive circuit 116A becomes level low H to 
demonstrate that the drive circuit 116A is discharging. 
Oppositely, between ta6 to tall, the low level L signal will 
switch off the semi-conductor 124E and 122E. The signal 
W6, Wll, W16, W21 being the trigger signals inputted to 



the input terminals in2, in3, in4, inl pulls the voltage of 
the junction N2 to level high H of the DC V to create elec- 
trical connection for the semi-conductors 124A to 124D 
from time ta6 to ta8, ta6 to talO, ta7 to tall, ta9 to tall 
respectively. The reference signal is at high level during 
this period and the drive circuit 116A is charging the volt- 
age at the junction Ne2. 
[0048] Abiding the same principles, the discharging or charging 
of the junction Ne2 by the drive circuits 116B to 116E is 
indicated by the level of the reference signals 206, 211, 
216, and 221. By analyzing the discharging and charging 
of the reference signals 201, 211, 216, 221, and 206 of 
the drive circuits 116A to 116E, the voltage level of the 
junction Ne2 and the curves of the output signals 301A, 
301B are determined. For example, between tal to tall 
there is a time period T3, from time tal to ta2, ta3 to ta4, 
ta5 to ta6, ta7 to ta8, ta9 to talO, three out of the five 
drive circuits of the drive circuits 116A to 116E discharge 
the voltage of the junction Ne2 and the rest of the two 
charge the voltage of the junction Ne2. At this time, the 
reference signal 310A from the junction Ne3 is at level 
low and the inverter 114 outputs a reference signal 301B. 
Oppositely, between time ta2 to ta3, ta4 to ta5, ta6 to ta7, 



ta8 to ta9, and talO to tall, three out of the five drive 
circuits charge to pull up the voltage of the junction Ne2 
but only two of rest discharge the voltage of the junction 
Ne2 to low, as a result the inverter 114 outputs a signal 
301B that is at level low L FIG. 11 clearly shows that the 
period of the signal 301B is T4 which is 1/5 of T3 so 
therefore the present invention successfully achieves a 
five times frequency multiplication by the frequency mul- 
tiplication circuit 110. 

[0049] From the above discussion, the frequency multiplication 
circuit of the present invention expands the pulse opera- 
tion of the delay-locked loop when the frequency multi- 
plication circuit and the delay-locked loop are paired up. 
The communication circuit 88 in FIG. 8 can generate a 
pulse 104B according to the pulse 104A that is synchro- 
nized in frequency, time, and has no phase difference and 
can generate an output signal 301B that has five times 
multiplication of the pulse 104A with the frequency multi- 
plication circuit 100. 

[0050] | n the embodiment shown in FIG. 8 and 9, the variable 

control delay line 100 relies on the signals Wl, W6, Wll, 
W16, and W21 at the junctions Nl, N6, Nil, N16, and 
N21 to achieve the five times frequency multiplication. 



Apparently any of the signals from Wl to W25 can be se- 
lected to achievefrequency multiplication in the present 
invention and it is not limited to the ones selected in the 
embodiments. In explanation of this, please refer to FIG. 
12. FIG. 12 is schematic timing diagram showing the ref- 
erence signals representing the discharging and charging 
and the output signal generated by the junction Ne2 when 
the frequency multiplication circuit 110 is given different 
input signals. When the frequency multiplication circuit 
110 takes Wl, W6, Wll, W16, and W21 as the input sig- 
nals, the reference signals 201, 206, 211, 216, and 221 
can be used to represent the discharging and charging 
because the signals Wl, W6, Wll, W16, and W21 are as 
control signals at the control terminal C of the drive cir- 
cuits 116Ato 116E. Recognizing all the discharging and 
charging from all the drive circuits at the junction Ne2, 
the wave variation of the voltage of the junction Ne2 is 
represented by the output signal 301A, as illustrated in 
FIG. 8 to 11. Similarly the frequency multiplication circuit 
110 changes to the input signals to W2, W7, W12, W17, 
and W22 to become the control signals for the drive cir- 
cuits 116A to 116E. The reference signals 202, 207, 212, 
217, and 222 represent the discharging and charging of 



the drive circuits at the junction Ne2. The combined effect 
of the wave voltage variation at the junction Ne2 is repre- 
sented by the output signal 302A in FIG. 12. 
[0051] using the same deduction, the frequency multiplication 
circuit 110 uses the input signals (W3, W8, W13, W18, 
W23), (W4, W9, W14, W19, W24), and (W4, W9, W14, W19, 
W24) to control the control terminal C of the drive circuits 
116A to 116E, whereby the discharging or charging of the 
junction Ne2 of the drive circuits 116Ato 116E is repre- 
sented by the reference signals (203, 208, 213, 218, 223), 
(204, 209, 214, 219, 224), and (204, 209, 214, 219, 224) 
and the wave voltage curve of the junction Ne2 is repre- 
sented by the output signals 303A, 304A, and 305A. From 
FIG. 12, the frequency multiplication circuit 110 of the 
present invention only requires five input signals having a 
phase difference evenly distributed within 360 degrees to 
perform a fives times frequency multiplication. The output 
signals 301A to 305A in FIG. 12 shows that the period T4 
of the output signals 301A to 305A is 1/5 of the period 
T3 of the delay-locked loop. Furthermore in FIG. 12, the 
use of five different input signals causes the output sig- 
nals 301A to 305A to have phase differences and the 
phase difference between 301A to 305A is evenly dis- 



tributed within the 360 degrees of the period T4. In other 
words, as long as the appropriate input signals is selected 
from the signals Wl to W5 for the frequency multiplication 
circuit 110, the frequency multiplication circuit 110 of the 
present invention can successfully generate an output sig- 
nals having five times frequency multiplication and a 
specified phase. Apparently the frequency multiplication 
circuit 110 can comprise other drive modules incorporat- 
ing different input signals to generate five times fre- 
quency multiplication outputs having unique phase differ- 
ences. 

[0052] Summarizing the above, the frequency multiplication 

technology in the present invention uses M number sig- 
nals having the same frequency and phase that are evenly 
distributed within 360 degrees to achieve an M times fre- 
quency multiplication. Please simultaneously refer to FIG. 
13 and 14, FIG. 13 is a schematic diagram showing the M 
times frequency multiplication by a frequency multiplica- 
tion circuit 400 using M number of signals S(l), S(2)..., to 
S(M). The frequency multiplication circuit 400 comprises 
M numbers of drive circuits DC(1), DC(2)..., DC(M) for 
matching the number of signals to form a drive module 
410. An inverter 144 is provided to generate an output 



signal 401B. FIG. 14 is a schematic diagram of the drive 
module DC(m). 

[0053] As illustrated in FIG. 13, the drive circuits DC(m) com- 
prises (M-l) numbers input terminals in(l), in(2)..., to 
in(M-l), a control terminal C, and an output terminal Op. 
The output terminal Op of each drive circuit DC(m) is elec- 
trically connected to the junction Ne to form the output 
terminal for the drive module 410. In accordance to the M 
number of input signals S(l) to S(M), the drive circuits 
DC(m) has S(m) number of control signals (m is equal to 1, 
2..., or M) inputted to the control terminal C and (M-l) 
number of input signals inputted to input terminals in(l) 
to in(M-l). In FIG. 14, each drive circuit DC(m) comprises 
M numbers of p-type semi-conductors QP(1) to QP(M), M 
numbers of n-type semi-conductors QN(1) to QN(M). The 
voltage of the source of the semi-conductors QP(1) to 
QP(M-l) is at level high of the DC V and the voltage of the 
source of the semi-conductors QN(1) to QN(M) is at a level 
low of the DC G. Similar to the operation mode of the 
drive circuits in FIG. 6 and 10, the signal S(m) at the con- 
trol terminal C of the drive circuits DC(m) is at level high 
causes the channel of the semi-conductor QN(M) and 
QP(M) to close. Then the input signals at the input termi- 



nals in(l) to in(M-l) conduct the channels of the semi- 
conductor QN(1) and QN(M-l) at high level so the drive 
circuits DC(m) discharges the voltage of the output termi- 
nal Op to level low. When the signal S(m) at the control 
terminal C is at level low, the semi-conductor QN(M) is 
switched off but the semi-conductor QP(M), therefore the 
input signals at the input terminals in(l) to in(M-l) con- 
duct the channels of the semi-conductor QP(1) and 
QP(M-l) at low level so the drive circuits DC(m) charges 
the voltage of the output terminal Op to the DC V at level 
high. As illustrated in FIG. 3, the signals S(l) to S(M) in- 
putted to the control terminal C of each drive circuit DC(1) 
to DC(M) are in different phase therefore each drive circuit 
DC(1) to DC(M) can individually discharge or charge the 
voltage of the junction Ne. Combining all the discharging 
and charging of the junction Ne by the drive circuitsDC(l) 
to DC(M), the inverter 144 outputs a M times frequency 
multiplication signal 401B to the signals S(l) to S(M). In 
this embodiment of the present invention, an odd number 
of signals S(l) to S(M) (i.e. M is an odd number) is used to 
independently control the drive circuitsDC(l) to DC(M). 
The signals S(l) to S(M) are evenly distributed within 360 
degrees and at the same time an unequal number of drive 



circuits perform either discharge and charge action to 
generate the output signal 401B having a M times fre- 
quency multiplication. 
[0054] | n the embodiment exemplified in FIG. 4 and 8 of the 
present invention, the original signals having the same 
frequency but different phase generated by a phase- 
locked loop or a delay-locked loop are used to generate M 
numbers of signals S(l) to S(M) evenly distributed within 
360 degrees to attain the frequency multiplication by the 
frequency multiplication circuit 400 of the present inven- 
tion. For example in a voltage oscillator of a phase-locked 
loop or a variable control delay line of a delay-locked loop 
having M*M differential buffers of buffers, the N(N=M*M) 
number of signals W(l) to W(N) outputted from the differ- 
ential buffers or buffers are used as the preliminary sig- 
nals. According to the above description, the signals W(l) 
to W(N) are evenly distributed within 360 degrees so the 
phase difference between the nth signal W(n) and the first 
signal W(l) is (360*(n-l)/N) for n = l, 2..., n). For m=l, 
2..., M, the signals W(m0+(m-l)*M) are used as signals 
S(m) to form M number of input signals S(l) to S(M) having 
the same frequency and phase to attain the frequency 
multiplication by the frequency multiplication circuit 400 



(where mO is an integer, i.e. 1, 2, or M) of the present in- 
vention as shown in FIG. 13. 
[0055] | n contrast to the prior art, the conventional phase-locked 
loop lacks flexibility and margin for error so it is often re- 
quired to redesign the entire phase-locked loop circuitry 
in order to achieve a phase-locked loop having different 
frequency multiplication ratios which wastes time and re- 
sources in redesigning and manufacturing. The conven- 
tional delay-locked loop provide limited operation no the 
pulse. Comparatively using the frequency multiplication 
circuit of the present invention in a phase-locked loop 
and delay-locked loop increases the frequency multiplica- 
tion function and broadens the operation of the pulse of 
the delay-locked loop which leads to increased design 
flexibility and margin and at the same time reduces circuit 
design, manufacturing cost, and resources. Using 0.18mm 
semi-conductor fabrication for the five times frequency 
multiplication circuit in FIG. 8 of the present invention, the 
actual size of the layout is 31.5mm*23.5mm which is sig- 
nificantly smaller than the conventional 500mm*500mm 
phase-locked loop or delay-locked loop. The present in- 
vention not only reduces the size of the circuit but also at 
the same time increases the performance of the phase- 



locked loop or delay-locked loop that proves the contri- 
bution of the present invention. 
[0056] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, that above disclosure should be construed as lim- 
ited only by the metes and bounds of the appended 
claims. 



